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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

1 . It is the Approach of Forming Conductive Flexibility Bump to Base Top Which Has Said 
Electrical Installation Terminal for Connecting Electrical Installation Terminal to Electrical 
Installation Point Broadly and Flexibly. The process which forms polymer bump on the position of 
said electrical installation terminal, The process which specifies a predetermined field including the 
polymer bump for carrying out plaiting of the metal which has the ductility for covering the polymer 
bump concerned and forming the electrical installation to said electrical installation terminal on it, 
How to consist the metal layer which has ductility of a process which carries out plaiting, in order to 
form broadly and flexibly the electrical installation which can connect between an electrical 
installation terminal and electrical installation points on a polymer bump and said some of electrical 
installation terminals. 

2. It is the approach of consisting of a process which carries out plaiting of the polymer bump make 
it said plaiting process have said catalysis further done in non-electrical and electric equipment by 
said convention process consisting of a process which catalyst-izes said polymer bump in an 
approach given in the 1st term of a claim in order to form the polymer bump made to have a catalysis 
done. 

3. It is the approach of consisting of a process in which said polymer bump formation process forms 
said polymer bump in an approach given in the 1st term of a claim using a sentiment dirty process. 

4. It is the approach of consisting of a process which carries out plaiting of said polymer bump by 
whom said plaiting process has further said catalyst mixed beforehand in non-electrical and electric 
equipment by said polymer bump consisting of a polymer ingredient which has the catalyst mixed 
beforehand in an approach given in the 1 st term of a claim. 

5. It is the approach of consisting of a process which forms a polymer bump in an approach given in 
the 1st term of a claim from the polymer in which the photograph image of said polymer bump 
formation process is possible. 

6. It is the approach of consisting of a process which carries out plaiting of the polymer bump make 
it said plaiting process have said catalysis further done in non-electrical and electric equipment by 
said convention process consisting of a process which catalyst-izes said polymer bump in an 
approach given in the 5th term of a claim in order to form the polymer bump made to have a 
catalysis done. 

7., and Said Approach is . Process Which Deposits Metal Which Has Ductility on Integrated-Circuit 
Wafer, [ Approach Given in 1st Term of Claim ] Process which forms a photoresist layer on 
integrated-circuit wafer in order to specify the predetermined field which are a part of layer of the 
metal which has wrap ductility for said polymer bump, and layer of the metal which has ductility 
How to consist of a process which removes the part to which the layer of the metal which has 
ductility was left behind. 

8. It is the approach of consisting of a process which carries out plaiting of the polymer bump who 
has the catalyst with which said plaiting process was mixed further beforehand in non-electrical and 
electric equipment by said polymer bump consisting of a polymer ingredient which has the catalyst 
mixed beforehand in an approach given in the 1 st term of a claim. 

9. It is Assembly of Electronic Instrument. Electric Apparatus Which Has Electrical Installation 
Point, The base which has the conductive flexibility bump electrically connected to the electrical 
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installation terminal on the base concerned, It consists of adhesives which connect said base to said 
electric apparatus, and connect said conductive flexibility bump to said electrical installation point 
broadly and electrically, a wide range flexibility aforementioned conductive flexibility bump Said 
electrical installation terminal is connected to an electrical installation point and said electric 
apparatus. Said conductive flexibility bump With the polymer bump on the position of electrical 
installation terminal It consists of a layer of the metal which has the ductility by which the plate was 
carried out on [ some ] the polymer bump and the electrical installation terminal. The assembly 
whose connection of between an electrical installation terminal and an electrical installation point 
said polymer bump and electrical installation terminal enable and which is wide range and forms 
flexibility electrical installation. 

10. It is the Approach of Forming on Base Which Has Electrical Installation for Connecting 
Conductive Flexibility Bump to at Least One Flexibility Bump. Process Which Forms Polymer 
Bump on Said Electrical Installation, The process which carries out plaiting of the conductive metal 
thin film layer which connects electrically to said at least one electrical installation in non-electrical 
and electric equipment on said base and a polymer bump, The process which forms the layer of the 
photoresist mask which has opening of the predetermined magnitude corresponding to said 
flexibility bump's surface field on said conductive metal thin film layer, The layer of the metal which 
has ductility on the surface field to which it was specified with the photoresist mask The process 
which carries out electric plaiting in order to form the conductive metal layer which consists of a part 
of thin conductive metal layer on the metaled layer and polymer bump who have ductility, and 
electrical installation, Process removed in order to expose the part to which said conductive metal 
thin film layer was left behind in photoresist mask How to consist of a process which removes a 
conductive metal thin film layer. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Name of invention Flexibility for the flip chip integrated circuit device for adhesion Right of a 
conductive connection bump and its formation approach government The American government has 
a right under the restrictive situation that it is refer to as require of a patentee to give others 
authorization in the suitable period specified by the period of contract number 
NIST/ATP70NANB1H1 1 14 in which arbitration grant was carried out by concession, 
NASHONARUINSHITICHUTOOBU standards, and technology (NIST). [ finishing / payment / 
countervalue / per this invention ] 

Technical field of invention This invention relates to forming a flexibility bump on flip chip 
equipment using the polymer bump to whom it is the electrical installation which it is economical, is 
supple (compliant) and can be used again, and the thin film layer of the metal for offering the 
electrical installation for the flip chip assembly for adhesion was applied. 
Background of invention Some efforts to commercialize the flip chip assembly technique for 
adhesion are made in recent years. In these efforts, the manufacturer got to know the dependability 
of a large number which bar wide range use of the flip chip for adhesion, and the failure on 
manufacture. Failure of the flip chip for adhesion on glass or the substrate of SERAMMIKKU is 
produced according to various causes. Electrical installation in a great portion of flip chip assembly 
technique for adhesion is performed through the node when it was compressed between the chip and 
the substrate. Here, on it, a "substrate" assembles two or more conductors, or usually points out any 
ingredients which can carry out a deposit. 

While this design has the life of an assembly, it requires that the tensile stress in adhesion should 
make and maintain electrical installation. However, when a binder is prolonged in Z shaft 
orientations or expands (swell), the deficit of electrical installation breaks out. Elongation or 
expansion of Z shaft orientations is produced for absorption of thermal expansion or moisture. The 
crack by big exfoliation or tensile stress will be produced in the binder, when adhesion stress is 
superfluous. These are produced also by migration of a Z direction again. 

In order to connect a chip to a substrate electrically, the polymer or solid-state metal grain covered 
with the projected solid-state metal bump or (setting to the conductive binder of an anisotropy) metal 
is well used for the flip chip assembly for adhesion. Since a flip chip system has the pad of a chip in 
the location which became depressed 1 micrometer or more than it in the typical value below 
passivation covering of a chip, these bumps or a metal grain is used. It curved, or the twisted 
configuration which are other chips or substrates will make electrical installation impossible, if it has 
a certain bump between a chip and a substrate, or no metal grain. In the case of the flip chip 
assembly technique using the conductive binder of an anisotropy, a metal grain is comparatively 
small. Many metal grains have the diameter of about 10 micrometers or less. As a result, the 
thickness of such a bump f s bond line (bond line) is also 10 micrometers or less. This makes it 
possible to bring close and station a bump, unless a bump contacts mutually. In such equipment, it is 
realizable for the no connection of the longitudinal direction whose connectability of positive Z shaft 
orientations is not desirable. However, tensile stress high for the bond line of thin adhesives arises on 
the square of such equipment, especially a chip. 

Since the flip chip assembly using the bump of a solid-state metal generates the optimal stress level, 
there is [ profitableness that adjustment of bump height which optimizes the thickness of a bond line 
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is permissible ]. "the connection method of a semiconductor device" by KHatada which an example 
of a solid-state metal bump technique was published on September 15, 1987, and was transferred to 
Matsushita Electric Industries U.S. patent number It can see to 4,693.770 (following, Hatada). In 
order to form the electrical installation from a die (die) to a substrate, the solid-state golden bump is 
used for Hatada. This is application to typical LCD. However, the main problems of the equipment 
of Hatada are being in the inclination breaking down for the relaxation (creep-relaxation) by the 
creep of adhesives. However, only this is not a problem in a solid-state metal bump's configuration. 
A solid-state metal bump's coefficient of thermal expansion (CTE) is very smaller than the 
coefficient of thermal expansion of the adhesives which are supporting flip chip equipment by 
contacting a substrate, when typical. 

Therefore, since a flip chip raises temperature, adhesives are elongated earlier than a bump. This 
separates a flip chip from a substrate. This thermal expansion makes the circuit between a flip chip 
and a substrate open as a result. 

From such a problem, the flip chip assembly for adhesion which uses a solid-state metal bump needs 
the adhesives which have a special mechanical property. Adhesives must be equipped with a small 
coefficient of thermal expansion and small hygroscopicity. Furthermore, the glass transition 
temperature, the storage modulus, ****, and bond strength of adhesives must be strong. There are 
almost no adhesives equipped with such a property. Generally this is the causes, such as the problem 
on manufacture, i.e., a short pot life, (pot lives), reusable lack, generating of excessive ion, and a - 
demand of long curing time. 

Other limits of a flip-chip-bonding technique are related to the manufacture process at the time of 
bonding being performed. The manufacturer of most multichip electronic assemblies does not 
produce that their design is also in all the integrated- circuit die chips. Instead, they purchase an 
integrated-circuit die frequently from various manufacturers who will not offer a flip chip bump 
process. These progressive chip manufacturers are often very conservative about the information 
which can be used in order that a business competition company and a need person may compute the 
manufacturing cost of a chip. For this reason, they refuse to sometimes supply an integrated circuit 
chip with the gestalt of a wafer. This is because a perfect wafer will show the yield of the integrated 
circuit from the wafer. The electric yield of the excellent article chip per wafer is the 1st cost driver. 
The knowledge of the business competition company about the information on this cost follows, and 
is harmful to the interest on a manufacturer's enterprise. That the process after the flip chip 
equipment for forming these bumps on the whole wafer cannot be made restricts the usefulness of 
the flip chip assembly technique in a multi chip module. 

Therefore, the related technique is not teaching how the flip chip bump who can conquer 
dependability and the failure on manufacture in relation to known manufacture and use of an 
electrical installation bump is formed. 

The related technique is not teaching the formation approach of the connection bump for the flip chip 
assembly for adhesion which avoids the problem about the bump of the flip chip assembly for 
adhesion of known, like it is divided and the whole exfoliation and electrical installation are lost 
depended on tensile stress. 

Any instruction cannot be found about the bump technique for the flip chip assembly for adhesion 
which realizes conductivity of positive Z shaft orientations, and conquers the problem related to the 
coefficient of thermal expansion (CTE) in the bump of the known flip chip assembly for adhesion. 
There is no formation process of the flip chip bump who removed the need of receiving adhesives 
equipped with the special mechanical characteristics called a low coefficient of thermal expansion 
(CTE) and low hygroscopicity with a high glass transition temperature, a storage modulus, ****, and 
bond strength. Especially the related technique is not teaching further the approach of connecting the 
bump of the flip chip assembly for adhesion which makes it unnecessary to prepare the die of an 
assembly at all. 

Summary of invention The purpose of this invention is in the thing which follow and relates to the 
flip chip assembly for adhesion, and its formation approach and for which the flexibility connection 
bump for disadvantageous and the known flip chip assembly for connection bump adhesion which 
solved the problem substantially or was lessened is offered. 

Other purposes of this invention are to offer [ the process which forms a polymer bump on the 
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connection pad of the integrated circuit of the flip chip assembly for adhesion, and ] the formation 
approach of the flexibility bump for the flip chip assembly for adhesion which includes a wrap 
process for a polymer bump in a metal layer. 

The configuration of this invention has a polymer bump formation process in including the process 
which applies the polymer ingredient by which a cure will be carried out on a substrate behind. The 
following process is specifying a dirty pattern on a polymer ingredient using a dirty mask. And 
patterning is performed based on the pattern of a dirty mask. Furthermore, a polymer ingredient 
sleeps together in order to form a polymer bump, in order that an etching process may form a 
polymer bump — a polymer ingredient — the plasma — you may also include dirty or carrying out wet 
chemical dirty. A polymer bump formation process applies on a substrate the polymer ingredient 
(photo-imageable or photosensitivity) in which a photograph image is possible, prebakes a polymer 
(pre-baking), and in order to develop after that the polymer ingredient in which a photograph image 
is possible in a polymer bump configuration, it may also include the process which exposes the 
polymer ingredient in which a photograph image is possible. 

Other configurations of this invention may also include the process to which a polymer bump's 
covering carries out the deposit of the thin plaiting bus (plating buss) on a substrate, and the process 
which specifies the field which should be carried out a plate by using a plaiting mask to this thin 
plaiting bus. A covering process includes the process which carries out electric plaiting of the metal 
layer to the field which a plaiting mask specifies. The following process is removing a plaiting mask 
and a plaiting bus. You may replace a covering process with above and it may also include carrying 
out plaiting of the metal which has ductility like gold on a polymer bump in non-electrical and 
electric equipment in a polymer bump using a tabular catalyst. Moreover, you may also include 
carrying out a deposit to the thickness of a request of a metal, and using a dirty mask after that on 
[ all ] a front face, as the 2nd alternative of a covering process, at a bump. The next process of this 
2nd alternative process sleeps together a field metal (metal formed on the front face) according to the 
dirty field which a dirty mask specifies. Other alternatives are mixing a catalyst beforehand in 
advance of spreading and patterning to the polyimide in which a photograph image's is possible, and 
carrying out the plate of the metal layer in non-electrical and electric equipment after that. 
The configuration of further others of this invention is offering the approach of forming the 
flexibility bump for the flip chip assembly for adhesion on a chip, even if it is any on the connection 
pad of direct or a substrate. This invention uses the standard facility for forming a polymer bump on 
the pad a standard bump formation process and for the wire bond of an integrated circuit. 
A pad and a bump are covered with a metal layer after that. The bump covered with the metal is 
flexibly compressed to 30% of the whole bump's height as an example. This will change 
dramatically the mechanical property required of the adhesives of flip chip bonding. It follows, and 
the process of this invention is reliable, and it is the flip chip assembly for adhesion whose cost is 
effective, and it produces the thing using the adhesives of marketing in which use for the second time 
is possible. 

Since many chips are prepared for each processed piece, generally it is most effective against cost to 
form a bump on an integrated-circuit wafer, forming a bump on a substrate forms a bump in the 
location of per [ which was processed ] each piece and a fewer chip — it is alike rattlingly, and it 
comes back and this leads to higher processing cost. It is attractive to form a bump on a substrate, 
supposing the flip chip assembly which it is as a result includes the chip from the feeder who does 
not supply the perfect wafer the feeder from whom many differ, or for bumps. This invention adjusts 
these different processes. 

An advantageous point is offering the mechanism which compensates curvature [ in / in the 
flexibility polymer which constitutes some flexibility bumps / a substrate or a die ] or non-surface 
smoothness, and the non-homogeneity of pad height technically [ everything but this invention ]. The 
homogeneity of bump height more desirable than what is made possible with the usual technique 
which carries out electroplating of the solid-state metal bump could attain by using this invention. 
For example, a polymer bump's non-homogeneity measured from the sample formed according to 
this invention was about 3% of the average of bump height. On the other hand, a solid-state metal 
bump's non-homogeneity formed according to the best usual approach was averaged, and was about 
1 0% of bump height. 
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A polymer corresponds to a wide range variation rate again rather than a metal corresponds. This 
element makes it more possible than the case where it compares with a solid-state metal bump to 
make the bonding force smaller. This is because the superfluous bonding force in which it is used for 
carrying out plastic deformation of the metal bump is not needed in order to amend a bump's non- 
homogeneity. It enables use of a wide range bonding parameter, this invention following and 
ensuring electrical installation nature between flip chip equipment and a substrate. 
Furthermore, in addition, an advantageous point is technically [ this invention ] to make possible the 
process parameter which optimized for making small stress in the condition of having connected. In 
the usual flip chip system for adhesion, against loss of the electrical installation which breaks out for 
the relaxation by WERINGU and the creep which moisture causes, and thermal expansion, in order 
to secure this, it is increased to the degree of pole by the stress in the condition of having connected. 
According to the flexibility bump of this invention, a bump is going to return even to the original 
height elastically. A bump will maintain the contact force proportional to effectual compressibility 
until she follows and returns to the original height. In addition, this invention makes it possible to 
make effectual compressibility appropriately the presentation of a polymer and the parameter of a 
cure, and by adjusting the thickness of metaled plaiting further. 

The advantageous point will become clearer from the purpose of above-mentioned [ of this 
invention ], and others, a configuration, and the desirable example following detailed explanation 
and this detailed technically. 

Easy explanation of a drawing Explanation of the following desirable examples is best understood, 
when it reads with the attached drawing. 

Drawing 1 is a flexibility bump's perspective view formed according to this example. 
Drawin g 2 is a flexibility bump's sectional view formed according to the approach of this example. 
Drawing 3 shows the flexibility bump who was assembled on the glass substrate using the assembly 
force of 201bs(es). and who was formed according to this example. 

Drawing 4 shows the flexibility bump assembled on the glass substrate using the assembly force of 
601bs(es). 

Drawing 5 a to drawing 5 i shows formation of the flexibility bump to the substrate top of this 
example on the integrated circuit device manufactured beforehand. 

Drawing 6 a to drawing 6 h shows one process flow which forms a flexibility bump according to this 
example. 

Drawing 71 shows the two-layer mask process which are other examples of this invention from 
drawing 7 a. 

Drawing 8 shows the hybrid assembly which used this invention. 

Drawing 9 a to drawing 9 d shows other process flows for raising the mechanical property of the 
flexibility bump of this invention. 

Drawing 10 shows the flexibility bump of a large number formed according to this example on the 
test chip wafer of silicon. 

Drawing 1 1 shows the flexibility bump of this example after passing through 3000 times of the 
mechanical cycles by the load from 20kpsi(s) to 70kpsi(s). 

D rawin g 12 shows the resistance test result of the testing device of drawing 10 in comparison with 
the resistance test result of a testing device which has the solid-state metal bump usually formed in 
the passage. 

Detailed description Although the reference to a drawing is made, the element drawn on the drawing 
was not shown in order to show a scale, a same or similar element is shown by the same reference 
mark in some drawings, and the flexibility bump 10 is especially expressed according to the 
desirable example of this invention especially in drawing 1 . 

Drawing 1 shows a flexibility bump's perspective view formed according to this example formed on 
the IC chip 12. The flexibility bump 10 includes the upper front face 10 linked to a lateral portion 16. 
To the level IC chip 12, the lateral portion 16 is substantially perpendicular and is connected to the 
base 1 8. The flexibility bump 10 will be formed on the connection pad 20 of the IC chip 12, in order 
to give the connection to lead 22. 

Drawing 2 thru/or drawing 4 show the flexibility bump's 10 sectional view, in order to show the 
component more clearly. First, when drawin g 2 is referred to, the wire bond pad 20 is on the IC chip 
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12. The polymer bump 24 is attached in the wire bond pad 20. The metal layer 26 which consists of 
gold will cover the polymer bump 24, and is a wrap about the part of a connection pad at least. It is 
shown how the flexibility bump 10 is attached in the flip IC chip 12, and pastes [ how ] up drawing 3 
on the BOROSHIRIKE toga lath substrate 28. A bump 1 0 sets to drawin g 3 and is 201bs(es). It is 
assembled by the BOROSHIRIKE toga lath substrate 28 using the assembly force. The flexibility 
bump 10 is compressed into about 85% of the original height in the condition which shows in 
d rawin g 3 as compared with the condition which drawin g 2 shows of not being compressed. 
Drawin g 4 is 601bs(es). The flexibility bump 10 assembled by the BOROSHIRIKE toga lath 
substrate 28 is shown using the assembly force. The 60pound assembly force brings about about 
30% of the flexibility bump's 10 compression. 

the flexibility bump 10 — a substrate top — or it is formed on an integrated circuit chip — I will come 
out. The metalization layer 26 which consists of gold works as covering of the polymer bump 24 and 
the connection pad 20. For this example, the flexibility bump 10 has height 14 of about 17 
micrometers. This height was determined by the result of finite element analysis and a trial as 
optimal thing. The flexibility bump's 10 diameters are 18 micrometers thru/or 93 micrometers 
preferably. The polymer bump's 24 comp rye ANSI (flexibility or flattery nature) gives the 
mechanism by what the bump will adjust the curvature in a substrate 28 or non-surface smoothness, 
and the non-homogeneity of the height of the wire bond pad 20 for. The homogeneity of better bump 
height is attained by the polymer bump's 24 process compared with what is attained using the usual 
electroplating technique. Change of a golden bump's height is 10% on an average to change of the 
polymer bump's 24 height being measured with 3%. The polymer bump 24 corresponds to a 
variation rate wide range than the solid-state metal bump of a comparable size flexibly at this. These 
elements make the lower bonding force with the flexibility bump 10 more possible than the bonding 
force whose solid-state metal bump is made possible. In order to amend a bump's non-homogeneity, 
in the case of a metal bump, plastic deformation is needed, but this is because there is no need of 
receiving the flexibility bump by whom plastic deformation was done. Therefore, a wide range 
bonding parameter can be used, securing electrical installation nature. The combination of the 
polymer bump 24 and the metal layer 26 brings about the serious change for the mechanism of 
adhesion of flip chip bonding, in order to offer what is the flip chip assembly which is reliable and is 
effective against cost, and enables use for the second time using commercial adhesives. 
This example makes it possible to optimize a process parameter, in order to make small stress in the 
condition of having connected. In the usual flip chip system for adhesion, in order to secure this 
against loss of the electrical installation which breaks out for the relaxation by WERINGU and the 
creep which moisture causes, and thermal expansion, it is increased to the degree of pole by the 
stress in the condition of having connected. However, the flexibility bump 10 is going to tend to 
return even to the original height elastically following the compression back. The flexibility bump 10 
maintains the contact force proportional to effect— as a matter of fact compressibility even if the 
adhesives for connection absorb moisture and expand until [ though the flexibility bump 10 has a 
coefficient of thermal expansion (CTE) lower than the adhesives for connection, and ] the flexibility 
bump 10 returns to the original height. In addition, the flexibility bump's 10 effectual compressibility 
will be appropriately made by adjusting the thickness of the metal layer 26 with the presentation of 
the polymer bump's 24 polymer. The method of further others of changing the polymer bump's 24 
compressibility is adjusting the rate and time amount of a cure. 

The properties which the polymer bump 24 is expected are the elastic response of the linearity to a 
high glass transition temperature (Tg), high yield stress, and a wide range stress-strain diagram, and 
high compressive strength. 

High Tg is the the best for the assembly performed at the temperature which rose. The creep of an 
ingredient happens at the temperature near Tg. If Tg is too close to the edge by the side of the 
elevated temperature of the field of assembly temperature, the creep of an ingredient will cause loss 
of an electric function. Although the flexibility bump's 10 elastic modulus changes with temperature 
for a while, it hardly depends for it on temperature. 

Therefore, a demand is not carried out although a high elastic modulus is desirable. A not much high 
elastic modulus is not desirable. It is because the modulus of elasticity with this high will break a 
very weak ingredient as a result under the wide range bonding force. Many known polymers fill 
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these demands. 

In this example, some approaches for forming the polymer bump 24 are possible. They include a dry 
cleaning dirty process, a sentiment dirty process, and a photograph imaging process. Although a 
polymer ingredient is used for each process as the polymer bump's 24 nucleus, it forms the polymer 
bump 24 by the sequence of different processing. A polymer ingredient is used for the IC chip 1 2 in 
each process. A polymer ingredient has an image formed, or a mask is carried out, it is removed 
from a field field after that, and is formed on the conductor layer from which a bump constitutes the 
connection pad 20. 

In order to form the polymer bump 24, the process in which a photograph image is possible (photo- 
imageable) is used for the desirable example of this invention. In this approach, the IC chip 12 is 
covered by the polymer 24 formed using the polymer in which a photograph image is possible. A 
polymer 24 is formed by exposing a polymer ingredient directly and developing it. 
The advantage of this approach is ****** which can correct by changing the parameter of exposure 
of a bump's magnitude and configuration, and a big aspect ratio is obtained, and can do processing 
with a facility of the usual photolithography quickly and simply. The homogeneity of bump height is 
very good in this approach. 

In one example of this invention, it is possible to form on the semi-conductor wafer which had the 
flexibility bump 10 manufactured. Drawing 5 a- drawing 5 i follows and shows the process which 
forms the flexibility bump 10 on the semiconductor device which exists beforehand. The process 
flow which drawin g 5 a- drawing 5 i shows is the already manufactured integrated-circuit flip chip 
assembly, and although it attained the purpose of reduction of important cost, and an improvement of 
dependability, it offers the approach of having been improved which forms the flexibility bump 10 
upwards. 

Reference of drawing 5 a expresses the silicon substrate 12 to which the aluminum pad 30 and 
conductor 32 which have covered except the field as for which the passivation layer 34 tends to carry 
out wirebonding appear on it. the integrated-circuit manufacture process that this layer 34 was 
established — setting — standard — this example of this invention — also setting — aluminum 
connection — a conductor 32 is protected from the chemicals behind used in a process. 
On the passivation layer 34 and the aluminum pad 30, using the process of Muller described below, 
as the un-electric nickel layer 36 shows drawin g 5 b, it is formed. The direct contact between the 
flexibility bump's 10 metals and the aluminum pads 30 which consist of gold in those without un- 
electric nickel layer 36 causes generation of an intermetallic compound [ **** / as a result / un-]. 
The un-electric nickel layer 36 protects the aluminum pad 30 from the chemicals behind used in a 
process again. 

Although plaiting of un-electric nickel is performed after this, activation of a zincate is the approach 
of carrying nickel on aluminum, in order to protect the aluminum pad 30. Gold reacts with aluminum 
so that a brittle intermetallic compound which considers an aluminum pad as unreliable electrical 
installation pass may be made. In order to solve this problem, this example applies the nickel layer 
36 on the aluminum pad 30 using the plaiting called gin cay TINGU (zincating). J. Simon Other "un- 
electric bumping for tab (TAB) and flip chip" Prod 993 Int'l Symp.on Microelectronics and 439-44 
(Novl993) (henceforth, Simon) have specified the solution of the diluted zincate which will be 
useful for this example. A. The "pretreatment of the aluminum connection pad of an un-electric 
nickel bumping sake" IEEE of Osterman and 74-78 (1993) (henceforth, Osterman) have made 
reference about general use of the solution of the zincate of marketing for this purpose further. 
Simon And Osterman is inserted here especially as reference reference for all the purposes to which 
it corresponds for carrying out this invention. 

H.G. Muller U.S. patent application [MCC Docket No.D-5570] of the title called "un-electric 
approach of gin cay TINGU on the front face of aluminum" boiled and depended it is — 
microelectronics — and a computer technology corporation What was transferred to (MCC) (this 
application is hereafter referred to as Muller) has described the approach using the solution of a 
zincate with which a good result is obtained for this process essentially based in the ratio of the 
concentration of a hydroxide to the concentration of the zinc in a solution, and an iron group. 
The process of Muller includes the gin cay TINGU process for removing an oxide layer from 
aluminum, and a desirable double gin cay TINGU process, although an un-electric nickel deposition 
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process is performed following this. The important configuration of Muller is summing up rather 
than other processes and using NaOH of about 12 g/1 to low 30 g/1 especially, using the solution of 
the zincate of special concentration. Muller is inserted here especially as reference reference for all 
the purposes to which it corresponds for carrying out this invention. 

Drawing 5 c shows the result of the following process of having used the polyimide (photosensitive 
polyimide) layer 38 in which a photograph image is possible. The polyimide layer 38 is a wrap about 
the un-electric nickel layer 36 and the passivation layer 34. As shown in drawing 5 d after that, in 
order to form the polymer bump 24, patterning of the polyimide layer 38 in which a photograph 
image is possible is carried out, and it sleeps together. 

On the other hand, since an optical facility is ultraviolet-rays exposure of the desired polymer bump's 
24 field, it is used for the cure of subsequent exposure, development, and the polymer bump 24. A 
little small thing of the polymer bump 24 is more desirable than opening of the connection pad in the 
PASOBESHON layer of an integrated circuit chip. This makes it possible to contact the front face of 
an un-electric nickel layer where the metal on the front face 14 of the upper surrounds the polymer 
bump 24. 

Drawing 5 e shows the following process which carries out the spatter of the metal layer 40 on the 
polymer bump 24, the nickel layer 36, and the passivation layer 34. A layer 40 contains the titanium 
layer on it further with the 1 st titanium layer and the gold layer on it. - In an example, a layer 40 
contains the titanium layer of 700 A (angstrom), the gold layer of 200A up [ the ], and the titanium 
layer that is 700A on it further. 

Drawing 5 f shows the process known widely. On a layer 40, the photoresist layer 42 by which 
patterning was carried out is used. Opening of a photoresist layer 42 must be the magnitude same at 
least as opening of the original chip passivation for the connection pad on an integrated circuit chip. 
The upper titanium layer is removed in order to expose the gold which is not polluted and by which 
the spatter was carried out. As shown in drawin g 5 g after that, electric plaiting of the gold layer 44 
is carried out on the part of the layer 40 which is not covered with a photoresist layer 42. this 
example — setting — a gold layer 44 — electric plaiting is carried out to the thickness of about 2 
micrometers. A photoresist layer 42 is removed in order to expose a layer 40, as shown in drawing 5 
h after that. 

the subtractive (subtractive) approach using a spatter or vacuum evaporationo — moreover, the 
metalization layer 26 is formed on the polymer bump 24. A subtractive process becomes desired 
thickness from carrying out the deposit of the metal on all the front faces of a substrate, and the 
polymer bump front face of the IC chip 1 2 by vacuum evaporationo or sputtering. The following 
process is using a dirty mask on what should serve as the flexibility bump 1 0, sleeping together and 
removing a field metal. Subtractive techniques are few processes and the facility which can be used 
in the manufacturing facility of a typical integrated circuit can perform them. However, since most 
metals with which the thickness of the metal demanded lengthened the vacuum evaporationo cycle, 
and was consumed in the vacuum deposition process will be removed, this is the approach costs 
increase. 

Drawing 5 i shows the removal of a layer 40 for exposing only the flexibility bump 10 finally 
completed as the passivation layer 34 and a result. In the process of this last, titanium is removed 
from an opening field and the gold which is not covered after that with the gold by which 
electroplating was carried out and by which the spatter was carried out is also removed. Then, the 
titanium of the lowest layer sleeps together and is removed. Although the small fragment of the gold 
by which electroplating was carried out is removed similarly, a part for the principal part is left 
behind. In order to carry out dirty removal of the layer 40, one etchant which the etchant from which 
it differs for sleeping titanium and gold together alternatively and sleeping titanium together after 
that is used, or acts only on minimum to the gold of a layer 40 is used. 

Drawing 6 a thru/or drawing 6 h express the process flow of the good example which shows how the 
process in which the photograph image of this example is possible of having abolished the need for 
bumping to the whole chip in relation to the conductor of a substrate is performed. Reference of 
drawing 6 a uses the interconnect layer 52 to which plaiting of the 1st was carried out on a substrate 
12. The following process is using a photoresist layer 56, in order to specify the pattern of a 
conductor. The copper trace layer 54 is used for a degree as shown in drawing 6 a. The copper trace 
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layer 54 forms the trace for a substrate 50, and a connection pad. After using the copper trace layer 
54, it is used as the polymer layer 38 in which a photograph image is possible shows drawing 6 b. An 
optical pattern is used so that the polymer layer 38 except the polymer bump 24 in which all 
photograph images are possible may be removed after this. The polymer bump 24 is attached in the 
copper trace layer 54 as shown in drawing 6 c. The optical pattern for the polymer layer 38 in which 
a photograph image is possible controls a diameter peculiar to the polymer bump 24. The minimum 
typical diameter is about 25 micrometers. This makes min a bump ? s non-plaiting in everyday 
processing, or possibility of damage. 

However, the smaller diameter could be attained by using the polyimide process in which a 
photograph image is possible. If required, a bump's with a diameter of 10 micrometers pattern will 
be able to form. 

The polymer in which almost all the photograph image is possible is reduced no less than 50% into a 
cure again. Consequently, few disk forms or depressions are generated on the upper front face 14 
(refer to drawing 1 ). 

However, in a bonding process, the upper front face 14 agrees in the configuration on the front face 
of junction (mating). 

Although using the epoxy in which a photograph image is possible is shown in order that drawing 6 
a thru/or drawing 6 c may form the polymer bump 24, for this purpose, there is a plasma dirty 
process as other possible processes. In plasma dirty processing, the cure of the polymer ingredient is 
covered and carried out on a substrate 12. A dirty mask determines a dirty pattern. A dirty ingredient 
is the mask ****** me tal hard surface mask blank which was built with the photoresist of the place 
as for which pattern attachment is carried out by either photograph RISOGURAFU or wet etching 
and which can be corroded. After a dirty mask is imagined, this ingredient sleeps together and a 
bump is formed. 

The dry cleaning dirty process which forms the polymer bump 24 has an advantage and a fault. One 
dry dirty advantage is that the configuration of the polymer bump 24 who forms a lateral portion 16 
may be changed by adjusting a process parameter. One problem in this approach is one with difficult 
when attaining this process an aspect ratio being large in another side. In case this etches the thick 
film of an ingredient, it originates in the undercut of a high degree arising in a hard surface mask 
blank dry cleaning dirty process. Dirty REITO for a polymer dry cleaning dirty process is per minute 
0.5 to 2.0 micrometers. Therefore, for a thick film, it hangs down merit and is that of a potato, and 
this dirty process is expensive and is low. [ of a throughput ] 

Sentiment dirty processing of this polymer offers the 2nd alternative replaced with the processing in 
which the photograph image of drawing 6 a thru/or drawing 6 c is [ that it is the same as that of dry 
cleaning dirty processing, and ] possible. In sentiment dirty processing, a dirty pattern is given 
instead of wet chemical dirty ** and the dry plasma. This ingredient is covered on a substrate 50 and 
a cure is partially carried out. Subsequently to this polymer top a photoresist is covered, is exposed, 
and is developed. This photoresist has formed the dirty mask. Subsequently this polymer sleeps 
together and is formed in a bump. 

As compared with dry cleaning dirty processing, generally the advantage to this approach is worried 
about high etching processing of cost, and is that there are few steps which hit completing this 
process. However, use of this approach may be restricted depending on the configuration of a chip. 
Furthermore, the very large aspect ratio at the time of using this approach makes manufacture 
difficult. Other limits in sentiment dirty processing are that the configuration of a lateral portion 16 
cannot change easily with a sentiment dirty ingredient. This approach is another side and makes 
homogeneity of a bump's height very good. 

Drawing 6 d shows the result of the following step in which the nickel layer 58 of the electric 
plaiting to a copper layer 54 top was formed. Since the polymer bump 24 is non-conductive, it 
should be noticed about the polymer bump 24 concerned that nickel plaiting is not carried out. In this 
example, electric plaiting of the nickel layer 58 is carried out to the thickness between 2 micrometers 
and 8 micrometers on all the exposed copper front faces. It is suitable because of a non-flip chip 
component to carry out [ wirebonding or ] soldering. 

For this example, the option on some processings is used in order to form the metalization layer 26 
on the polymer bump 24. The polymer bump's 24 metalization is attained by the direct wet 
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metalization process of using the subtractive metalization which uses the usual PCB technique and a 
spatter, or vacuum evaporationo, or the additional process using the spatter or EBAPORETETTO 
plaiting bus using a plaiting mask. 

Drawing 6 e shows the result of having performed the desirable process which forms the non- 
electrical-and-electric-equipment formative layer 60 of the gold of the non-electrical and electric 
equipment on the nickel layer 54 and the polymer bump 24. In this example, a specific photoresist is 
chosen for resist activity. As a result, plaiting only of the gold of the non-electrical and electric 
equipment is carried out on the nickel 54 by which electric plaiting was carried out, and the polymer 
bump 24. Other possible techniques of obtaining the step of drawing 6 e are mixing catalyst powder 
with a polymer, before it is covered and a bump is formed. This powder puts non-electrical-and- 
electric-equipment plaiting into operation as one of the means for metalization. 
It is used in order that an additional electric plaiting process may metalize the polymer bump 24 
again. BE to which the deposit of the thin (it is gold typically because of comp rye ANSI) plaiting 
bus is carried out, and the spatter of the approach of this electric plaiting is typically carried out, and 
plaiting of the plaiting mask is carried out -- to be used in order to limit a ******** field is 
demanded. After electric plaiting is performed to a field [****], a plaiting mask and a plaiting bus 
are removed. This additional process using electric plaiting can be performed using the equipment 
ordinarily used for a PCB technique. A spatter cycle is short, and very few ingredients sleep 
together, and since this approach will follow and will be lost in the last dirty process, it is more 
effective for the field of cost than pattern etching. [ of vacuum evaporationo **** ] In this desirable 
example therefore, an electric plaiting process is used following the non-electrical-and-electric- 
equipment deposition of the metal layer 40. 

Drawing 6 f expresses the result of the next step of the electric plaiting metal 62. Using the usual 
available bath, according to an applicable field, gold is about 8A per square foot in current density, 
and electric plaiting is carried out so that a layer 62 may be formed in the desirable thickness for 
wire bonding. The combination of a metal 62 and a layer 60 forms drawing 2 thru/or the metalization 
layer 26 of drawing 4 . The plaiting rate on the polymer bump 24 should observe what will be 
become 4 times thru/or what is 6 times later from the flat part of a layer 60, or plaiting REITO on 
bond putt. This is because it has the conductivity from which a thick copper-nickel-golden pad and 
trace differed compared with the thin gold on the polymer bump 24. As a result, probably, the 
metalization layer 26 is from about 0.5 to 0.8 micrometers on the polymer bump 24, when the 
thickness is about 3.0 micrometers in somewhere. Therefore, although it is possible to optimize 
golden thickness for the assembly by the technique put together, on the other hand, the film on the 
polymer bump 24 needed for coincidence for flexibility is held. In the example concerned, although 
the metalization layer 26 is chosen so that it may become sufficient thickness in order to give 
conductivity to the upper front face 14 ( drawing 1 ) from the substrate bond putt 20, on the other 
hand, it considers as a thing thin enough against which the polymer bump's 24 flexibility and 
flexibility are set off by coincidence, for example. 

Like ****, when other steps form the metalization layer 26 rather than drawing 6 d thru/or drawing 6 
f, it may be adopted. For example, one alternative is a wet metalization process. The standard 
technique in a PCB technique is used in direct wet metalization. This process consists of supplying a 
plaiting catalyst to the polymer bump 24, and carrying out un-electric plaiting of the ingredient 
which has the ductility like gold on the polymer bump 24 and the nickel layer 54. A wet metalization 
process allows the high throughput of parts, and does not need a vacuum manufacture step. 
Drawing 6 g and drawing 6 h are made into the last thing of the structure of this example. Here, 
d rawin g 6 g shows the step which removed the photoresist layer 56. Consequently, it becomes a 
polymer bump with the wrap metalization layer 26 with both the polymer bump 24 and the bond pad 
20. In the following step which drawin g 6 h shows, in order that the plaiting interconnect layer 52 
may use the copper trace layer 56 as an underlay, etchback is carried out by the approach of the 
practice in processing of an additional process substrate. That to which the undercut of a certain 
extent for obtaining exposure of a substrate 12 and an indene TETTO (indented) field was carried 
out by this result is obtained. 

Drawing 7 a thru/or drawin g 71 form nickel covering on the side attachment wall of a signal line 72 
and the bond putt 74. Using a duplex resist process is shown. With reference to drawing 7 a, the 
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deposit of the plaiting interconnect 64 is first carried out on a substrate 12. the plaiting interconnect 
64 top - B stage cure DOPORIAMIKKU acid (B-stage cured polyamic acid) or the polyimide 
layer 66 is made, and, subsequently a photoresist layer 68 is built. 

Subsequently, as drawing 7 b shows, a photoresist layer 68 exposes the plaiting interconnect 64 to 
the pattern for which it asks, and pattern attachment is carried out so that the opening 70 which 
passes along a photoresist layer 68, B stage, and the cure DOPORI imide layer 66 caudad may be 
generated. Although B stage polyimide layer 66 made into a sacrifice is not photosensitivity, it can 
melt into a resist developer. Therefore, it is removed in this step. However, generally it should be 
careful that post baking (post baking) arises after photograph patterning. 

The pattern of opening 70 has agreed with the desired bond pad and the signal line for electronic- 
circuitry equipment. "Postbake" of the substrate is carried out after FOTOIMEJINGU and 
development. This makes perfect the cure of a photoresist and the poly AMIKKU acid (or 
polyimide) layer 66. After this postbake, this thin poly AMIKKU acid (or polyimide) layer 66 cannot 
melt in the stopper of a photoresist 68 any longer. Drawing 7 c means that it follows and the copper 
signal line 72 and the bond pad 74 may be formed in opening 70. Subsequently, a photoresist layer 
68 is removed, as drawing 7 d shows. 

Subsequently, the polymer bump 24 is formed, so that it may be described, and as drawin g 7 e and 
drawing 7 f show. This polymer layer of this example is the desirable polyimide in which a 
photograph image is possible, or wet dirty possible polyimide. With reference to drawing 7 g, 
electric plaiting of the nickel is carried out on the copper signal line 72 and the part of the bond putt 
74 which is not covered by the polymer bump 24 in order that the part of the bond putt 74 may form 
a barrier layer 76. A barrier layer 76 is desirable because of the applicable field which needs surface 
mounting which performs near soldering or near wirebonding to parts. Since polyimide is not 
conductivity, it should be careful of the barrier layer 76 that plaiting is not carried out on the polymer 
bump 24. 

The following step is a step to which a barrier layer 76 and the polymer bump 24 are changed 
according to a catalyst as drawing 7 h is illustrating. Subsequently, B stage polyimide layer 66 is 
removed from all the parts of equipment (drawing 71). This removes all catalysts for a barrier layer 
76 and the polymer bump 24 except for a wrap part. 

Subsequently non-electrical-and-electric-equipment plaiting of the gold is carried out on a barrier 
layer 76 and the polymer bump 24 using the catalyst which forms the non-electrical-and-electric- 
equipment plaiting layer 80. 

Drawin g 7 j expresses the result of this step. Similarly [ accumulating in the applicable field 
containing two flip chip equipments ], for an applicable field including two flip chip equipments and 
surface mounting techniques, plaiting of the gold is carried out to the thickness of 2 microns that a 
flexibility bump f s formation should be made perfect, and the plaiting interconnect 64 is removed 
(refer to drawing 71). 

Things should attract attention from the desirable thing. As plaiting only of about 100A of the non- 
electrical-and-electric-equipment golden plaiting is carried out on the other hand for the assembly 
using the equipment by which wire bond was carried out to the flip chip and it is shown subsequently 
to drawing 7 k, it is desirable to carry out electric plaiting of the gold. In the equipment using a flip 
chip and wirebonding, gold originates in higher resistance of the 100A gold on the polymer bump 
24, and plaiting will be early carried out more on a signal line 72 and the bond pad 74 rather than the 
polymer bump 24 top. After carrying out plaiting of the gold 82 in electrolysis on the gold layer 80 
by which non-electrical-and-electric-equipment plaiting was carried out, the plaiting interconnect 64 
is removed. 

Drawing 8 shows the assembly 100 which is formed according to this invention and contains a flip 
chip. A flip chip 102 is connected to the flexibility bump 10 through the connection trace 104. A 
binder 106 is non-conductive, and where the flexibility bump 10 is compressed, it holds a flip chip 
102. A binder 106 is given to the substrate bonding location where the little thing extruded between 
bonding cycles could build smooth flow at the end of the die (die) in a desirable form, a binder 106 
does not cover the flexibility bump 10 and the connection trace 104 completely — as — pattern 
attachment ** - or it may be given alternatively. A binder 106 is the thing of thermoplastic, 
thermoset plastics, or other adhesion forms. For example, a binder 106 is the thermoplastic paste of 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1 1/6/2006 



JP,09-512386,A [DETAILED DESCRIPTION] 



Page 11 of 15 



the place which is a mixture with the volatile fluid containing a thermoplastic particle, and the 
alumina, aluminum night RAIDO, the diamond or other particles for improving thermal 
conductivity. Connection with the flexibility bump's 10 metalization layer 26 is made with the bond 
wire 108. The bond wire 108 is connected to the chip 1 10 by which wire bond was carried out. The 
chip 1 10 by which wire bond was carried out follows, passes along the flexibility bump 10, and is 
connected to a flip chip 102. 

Although it is not necessarily required to carry out in this invention, in this example, the flexibility 
bump f s 10 thermal-expansion (CTE) multiplier will be built equally to the coefficient of thermal 
expansion of a thermoplastic binder by controlling carefully the thickness of the metalization layer 
26 and the polymer bump 24. Its polymer bump 24 is fully flexible, and since the thermal expansion 
(CTE) of the polymer bump 24 and the metalization layer 26 overcomes the inequality of the dilation 
ratio of the metalization layer 26, it does not necessarily need to be an equal. 
In forming an assembly 100, a substrate 12 and a flip chip 102 are placed on a suitable flip chip 
bonder with the flip chip 102 on bonding sir mode (bonding thermode) and a substrate 12. This Sir 
mode and substrate 12 contain the flexibility bump 10 and binder 106 on the platen of a bonder. The 
bond pad 105 aligns with the flexibility bump 10, and it is adjusted so that, as for the inclination of a 
platen, a flip chip 102 and a substrate 12 may guarantee becoming in parallel. A flip chip 102 is 
pressed so that many flexibility bumps on a substrate 12 may subsequently be contacted. A flip chip 
102 is pressed by sufficient force in which the flexibility bump 10 subsequently deforms to 
predetermined extent. In order to change a binder 106 into a half-liquid condition, it may be 
necessary to apply heat, so that that variation rate may be made easy between this process. The cure 
of the binder 106 is carried out by supplying heat or ultraviolet-rays energy additionally. Instead, 
when a binder 106 is thermoplastic, removing heat will harden a binder 106. 

The force which forms an assembly 100 is applied under a compression load to the flexibility bump 
10. Furthermore, contraction of a binder 106 arises between a cure or continuing cooling. It is 
guaranteed that the electrode of a flip chip 102 remains in the condition of having contacted the 
flexibility bump 10, by this compression load and contraction. This pressure impressed is the 
function of the area on the front face of the upper of all the flip chip bumps 10 about all the bumps 
on a chip. When the force impressed in one manufacture is equal to what multiplied a total bump 
surface area of the flip chip 102 per square inch by 20,000psi(s), since the volatile component of the 
thermoplastic paste related at the time of the cure of the binder 106 with which the good result was 
obtained is evaporated, heat may be applied. In case heat is applied to a binder 106, it is required for 
level low enough which is not boiled to maintain heat. This is because a void is built by ebullition all 
over the bond line of a binder and an assembly 100 is made into the thing of failure by it. For 
example, in this example, the temperature of an assembly 100 rises in sufficient high level of about 
250 degrees C to melt thermoplastic, i.e., temperature. An assembly 100 follows, and before a bond 
pressure is removed, it is cooled by 90 thru/or 100 degrees C. Removing a bond pressure makes the 
setting-up process of an assembly 1 00 perfect. 

In formation of the assembly 100 of drawing 8 , the modulus of elasticity of a binder 106 should be 
above it of the flexibility bump 10 across the temperature requirement limited enough proper. It 
decreases in temperature with the modulus of thermoplastic higher than the glass transition 
temperature Tg generally related, and since the polymer bump 24 has Tg value in the range of 125 
degrees C from 70 degrees also preferably, the thermostat plastics which an assembly uses have Tg 
which is not lower than that of the maximum supply temperature of the final-assembly object of a 
product preferably. For example, the semicrystalline thermoplastic used as a binder 106 should have 
75-degree C Tg from at least 65 degrees. Similarly, the amorphous thermoplastic used as a binder 
should have 1 50-degree C Tg. Furthermore, especially the semicrystalline thermostat plastics used as 
a binder 106 contain PBT, nylon 6, nylon 6/6, nylon 6/12, Nylon 12, and a polyether ketone. 
These binders have Tg value of 65 degrees to 140 degrees C with Tm of the range of 3 1 0 degrees C 
from 185 degrees depending on the crystallinity of a binder. The amorphous thermostat plastics 
which work well as a binder 106 contain polystyrene, poly ETERUMIDO, a polyether ape phon and 
polyimide, and a siloxane, and these have Tg value of the range of 150 degrees C from 125 degrees. 
Although it is built in order that many components and alternatives may form the configuration of 
drawing^ a thru/or drawing_8 , the following table 1 can be smelling the thickness of a 
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manufacturer, a parts number, a specific component, and the profile in one manufactured product of 
this examp 



Table 1 



e. 


5£ id 


J? S 




1 . 7*h-fy-ppf|B 


3 0 a m 


^MXP91-lll 


* V ^ (38) 






2 . - v >r J\>fe ( 3 6. 7B) 


2 - 8 ^ m 




3 , r ^ ^ — ^ 




> y V> 4 4 0 4 


4 . fefcjft ( 78) 


— 


•> 7' H 4 4 


5. r^-fe^u— ^ 


— 


> :/ u -f 19 


6 . ( 60, 80) 


0 . 5 u m 










O (* 7 ^ * A ) 






7 . l^y u - x / v 


8 A 




& ( 44, 6 2, 8 2) 


Sift 


* — ^/Ptf^v^A-^ 




S? IS 


is ~T I' <4 K 


8 . mmtt (105) 




****** -y *30 1- 
•^2 0 lT^itSJlD 



Drawing_9 shows one process for improving the flexibility bump's 10 material property without 
having disadvantageous effect for flexibility. The process of drawing 9 is assumed to be the 
flexibility bump 10 formed according to either of the above-mentioned processes. With the 
flexibility bump 10, the process of drawi ng 9 uses the photoresist layer 1 12 with the thickness 
exceeding the height of whole flexibility BAMBU 10. Pattern attachment of the photoresist layer 
1 12 is carried out so that only the flexibility bump's 10 upper front face 14 may be exposed. The 
following step is carrying out plaiting of the 2nd metal layer 1 14 further on the upper front face 14. 
To choose the 2nd metal layer 1 14 like high abrasion resistance, i.e., a hard metal, for the test in the 
system to connect or Field of application which can be burned and to which many connection and 
insertion are carried out like is desired. 

After carrying out plaiting of the 2nd metal layer 1 14, a process removes a photoresist layer 112 
further. The last step is removing the plaiting interconnect layer 52 which existed from the flexibility 
bump's 10 manufacture process. The thing of the result is the flexibility bump who raised the 
material property on the upper front face, if it becomes, and flexibility bump 1 0 conventional process 
is used and it is a non-electrical-and-electric-equipment metalization process namely,, the thing 
whose plaiting interconnect layer 52 does not exist and which will be done for plaiting in [ again ] 
non-electrical and electric equipment should be careful of the 2nd metal layer 1 14. this — however — 
for example, -- very much - hard - a test - be burned — quality-of-the-material **** will be 
extracted to the quality of the material like high **** electrical-and-electric-equipment gold of the 
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place suitable for connection. 

Although the various approaches of forming component parts and the flexibility bump 10 were 
described, it is effective to understand how this example is related with the integrated circuit chip. 
For this purpose, drawing 10 shows the flexibility bump 10 of a large number formed on the silicon 
test chip wafer 1 16. In the configuration of drawing 10 , the flexibility bump 10 is formed on the 
silicon test wear of 150-micrometer pitch with 216 input/output terminals. Drawing 10 actually 
shows some 60 chip test wafers 1 16 which are assistance in decision about the electric physical 
property of the flexibility bump 10 of this example. The test chip 1 16 of drawing 10 was a 
8.9mmx8.9mm chip with the flexibility bump of 216 input/output terminals connected to the dual 
NESUTETTO daisy chain pattern (dual nested daisy chain pattern) in one completion object. This 
configuration can check these connection continuously using two ohm-meters which read through 
105 connection respectively. A contiguity bump's electric isolation is determined by measuring 
resistance between two daisy chains (daisy chain). Six chip pads are connected to 3-fold truck 
configuration which gives surface insulation resistance and an electric migration test in 216 
input/output terminal connection. These six chip pads can use two trucks as a heating element (a 
total of 25W per chip), and can carry out bias, and can use the thermal test using a central truck as a 
thermistor again. The substrate used in this test was the BOROSHIRIKE toga lath of the display 
class of the place by which the spatter was carried out in chromium gold and pattern attachment was 
carried out by the well-known substrate design with which chip structure is compensated. 
Drawing 1 1 shows the flexibility bump's 10 elasticity. In one test using the test wafer of drawin g 10 , 
the flexibility bump 10 was mechanically repeated using the flip chip bonder device. This test uses 
20 thru/or the compression range between 701bf(s) (equal [ to about 20 kpsi(s) thru/or 70kpsi(s) ] on 
[ all ] a bump field), and is 1000 cycle ******** n was shown clearly that about 50% of decrease of 
height was acquired from the result obtained based on this test in the bump who is standing in the 
free condition. However, the crack did not exist in the metalization layer 26 or the polymer bump 24. 
after 3000 times of mechanical repeats — **** with cracks 118 and 120 — the small crack appeared. 
Also in this crack point, the flexibility bump 10 was maintaining conductivity and flexibility. 
Other important viewpoints of this example are how a tested object acts between dry cycling tests, 
i.e., the test without a binder like the binder 106 of drawing 8 . 

Drawing 12 is as a result of one test which investigated this property. In the test of drawing 12 , the 
chip with a solid-state golden bump and the chip with a flexibility bump were arranged by the comp 
RIMENTINGU substrate (namely, soda lime glass with the metal pad and trace which carried out the 
spatter of chromium and the gold), and were pushed without the binder using the force of various 
magnitude. The equipment used for this test was equivalent to the daisy chain structure of drawing 
10 . This test determines what kind of impression force (lbf) establishes electrical installation and the 
force which is determined and stabilizes contact resistance. This shows work of a bump and shows 
the situation which bars the non-surface smoothness (non-planarity) in a system. 
As shown in drawing 12 , connection establishes a flexibility bump by the abbreviation 1/4 of the 
impression force needed for connection with a solid-state golden bump. Both bumps have the same 
resistance. The specific metallurgical substrate for a test container with a bump 10 has high 
resistance. As a result, the difference in the level of a milli ohm and resistance were indefinite by the 
bulk resistor in a substrate. 

In the high temperature test, the **** flexibility bump assembly shown in drawing 4 and the 
corresponding solid-state golden bump assembly were tested by arbitration. The resistance which 
passes along the same daisy chain structure as it of drawing 10 failed in all the solid-state golden 
bump assemblies by which the monitor was carried out between 65 degrees C and 80 degrees C, 
while the assembly was slowly heated by even 140 degrees C. 

On the other hand, flexibility bump 10 assembly bore the temperature which rose to the temperature 
which arrived at the range of 120 degrees C thru/or 135 degrees C. This range is more fully than the 
glass-transition temperature of the binder 106 in this example a top. These flexibility bump assembly 
that ******(ed) was assembled using the same force parameter (force parameter) to 135 degrees C. 
All the flexibility bump 10 assemblies returned to normal resistance level, after being cooled by the 
room temperature. After the circuit disconnected the tested golden solid-state metal bump and she 
was cooled by the room temperature on the contrary, she failed in functioning proper. 
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In the test of further others of flexibility Bengbu 10 assembly, the golden solid-state metal bump 
assembly and flexibility bump 10 assembly in drawing 10 were exposed to 121 degrees C with 2 
hours and 100% relative humidity. From the experimental result in the meantime, 50% of the solid- 
state metal bump assembly went wrong, and, on the other hand, 12.5% of flexibility bump 10 
assembly only went wrong. 

Then, the flexibility bump 10 assembly was commercially packed by available silicone. There was 
nothing that went wrong, even if this flexibility bump 10 assembly in a silicone package passed at 
121 degrees C in relative humidity 100% for 8 hours or more. 

In addition, the test for the second time was performed [ in / about the assembly using the flexibility 
bump 10 / the further test ] to some assemblies, this test equipment was partially dipped in the 
solution, in order that flexibility bump 10 assembly which is not dipped in a solution might confirm 
the thing to a solution protected, since it put. a solution — dipping - in a room temperature, it is a 
success and it turned out that it is accelerated when the temperature of a solution rises to about 80 
degrees C. While the chip 12 to a solution which dips, and is alike, then has a substrate 50 and a 
flexibility bump had not been damaged, it appeared in the reusable form. Some of these chips and 
substrate sites actually re-operated twice. 

This example follows, and it offers the flexibility bump 10 on an integrated circuit chip or a substrate 
so that a bump or special metallurgy may not be needed on a die (die). This makes it possible to use 
this example on an available integrated circuit chip commercially. The flexibility bump 10 acts 
flexibly across the comparatively large range of deformation, and deforms under a substantial more 
low pressure the same with demanding the force to the assembly lower than a solid-state metal 
bump's case which decreased in number. Decreasing the force to an assembly decreases the damage 
to an integrated circuit chip which is likely to exist, and it decreases a demand to the charge of 
adhesion material further again. This decreases the property of the binder concerning creep 
relaxation (creep-relaxation). 

It has guaranteed that electric contact continues an elastic motion of the flexibility bump 10 even if it 
further applies a binder to creep relaxation. This enables it to use a binder with a desirable reuse and 
early cure nature. This example enables it to use even the binder which did not have sufficient 
strength and creep resistance in the circuit which is using for example, the solid-state metal bump. 
For example, the flexibility bump 10 makes it what is easy to treat use of thermoplastic. Since the 
cure of this is not carried out even if thermoplastic gives heat or light energy, it abolishes the need of 
carrying out the cure of the binder 106 using heat or light energy. Furthermore, even if this example 
changes the structure of contact or changes a metal again, it has allowed using the thing of the 
optimal adhesion format which became independent to them. 

Other important viewpoints of this example are the extreme decreases of cost in comparison with the 
usual solid-state metal bump formation technique. The usual solid-state metal bump formation 
technique usually carries out the spatter of the thin metal interconnect layer on the substrate 
[ PASSHIBEITO / substrate ]. The mask of this substrate or wafer is carried out using a photoresist, 
and plaiting is carried out into opening in which the metal was opened by the photoresist. Finally, a 
resist and metal interconnect are removed. As a price of the golden bump on a 4 inch wafer, this 
established process is a dollar in 1993, and becomes the thing of about 150.00 dols per wafer. The 
flexibility bump 10 of this example solves the problem in the usual solid-state metal bump technique 
in which the cost depending on a competition high on the contrary starts. As the result, the flexibility 
bump 10 is suitable for the applicable field of the large range. This bump is 50 dols or less per 4 inch 
wafer in the dollar in 1993, and can build using a standard TAB bumping process and equipment. 
The flow of the process for forming the flexibility bump 10 makes it possible to use more the good 
manufacture process of balance which spread widely. As a result, a throughput is [ as opposed to / 
no / a step ] actually 15 or less wafers per hour in a typical manufacture reactor. This is made into 
that to which the volume in such works exceeds year 50,000 wafer before needing duplicate 
equipment. I hear that the key factor which makes the thing of this example attractive is fully smaller 
than what a solid-state metal bump formation process with the main standard equipment costs 
relevant to the number of all process steps uses, and there is. 

The flexibility bump 10 formed of this example has solved the problem of migration to Z shaft 
orientations in relation to the ultraviolet rays or the heat cure binder of the place produced by the 
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inequality of thermal expansion (CTE), and humidity absorption. This example responds to the 
compression for holding electric contact flexibly. The flexibility bump 10 bends, and decrease in 
number the effect of a distorted substrate again, and makes effect by the ununiformity of the height 
of a pad small similarly. 

When level high about the engine performance and dependability is desired, it is possible to use the 
mask loess chip preparatory process of a SHINGYURETETTO integrated-circuit die (die) or a full 
wafer, and the place that has compatibility completely. This process is it of Muller, and it gives 
nickel or a gold layer on an integrated-circuit-chip aluminum bond pad so that it may omit contacting 
between a golden bump metal and aluminum integrated-circuit-chip metals directly. This example 
does not need an additional process substantial about the process of a substrate, but the process 
which is used in manufacturing the typical substrate of a flip chip multi chip module design, and a 
compatible technique are used. This example follows and makes possible the rather than thing for 
which they will evaluate the profits on the magnitude and the engine performance in the flip chip 
assembly technique for adhesion early of several using the chip bump technique a multi chip module 
and the manufacturer of a display recognize [ a technique ] current existence. This means developing 
the usefulness of flip chip assembly technique even to a chip on high density glass, or other 
important applicable fields. 

Finally, although this example was described by the detail, do without many modification, 
replacement, and alternatives leaving the pneuma and the range of this invention should be 
understood. Although the example mentioned above is described for the purpose of illustration, it is 
clear in this contractor. [ of many replacement being possible ] This invention is restricted like the 
above by only the range of a claim mentioned later. 

[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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